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THE URANIUM-VANADIUM ORE DEPOSIT AT THE
MONUMENT NO. 1-MITTEN NO. 2 MINE,
MONUMENT VALLEY, NAVAJO COUNTY, ARIZONA

By Irvine J. WITEIND

ABSTRACT

The Monument No. 1-Mitten No. 2 uranium-vanadium mine is in a remote
sector of the Navajo Indian Reservation, Navajo County, Ariz. Near the mine,
the strata range in age from Permian (De Chelly sandstone member of the
Cutler formation) to Late Triassic (Shinarump member of the Chinle forma-
tion). Erosion has removed most of the Shinarump from the Monument No. 1
area, and only several small remnants remain. Two of these, each about 2,000
feet long, are part of a once continuous channel fill ; they aline to form a broad
curve trending northwestward. The channel ranges in width from 50 to 280
feet, and has been scoured about 50 feet into the underlying strata.

Three major lithologic units make up the basal channel fill: trash-pocket con-
glomerate, silica-cemented sandstone, and calcite-cemented sandstone.

Ore minerals impregnated parts of both the trash-pocket conglomerate and the
silica-cemented sandstone and formed an ore body that was collinear with the
channel and that extended for about 650 feet. The ore body, which has been
mined out, ranged in width from 10 to 95 feet and in thickness from 1 to 18 feet.
It was both biconvex and planoconvex in longitudinal section and in cross sec-
tion and, in general, conformed to the channel fioor. Lenses of the calcite-
cemented sandstone were enclosed in the ore body. The core of the ore body
consisted of low-valent relatively unoxidized minerals. Adjacent to and over-
lying the core were two incomplete concentric sheaths of oxidized minerals, the
more intensely oxidized minerals being farthest from the core. The ore body
was probably oxidized in place.

The uraniferous material was in approximate equilibrium. The ratio of
vanadium to uranium for the mine was about 2.5: 1.

The ore is adjacent to calcite-cemented sandstone lenses; possibly the car-
bonate was instrumental in precipitating the ore minerals from the ore-bearing
solutions.

INTRODUCTION

Interest in the Monument Valley area of northeastern Arizona and
southeastern Utah as a potential source of uranium-vanadium ore
began largely in 1948 and had reached a peak by about 1956. Much
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of this interest stems from uraniferous ore deposits in the general area
that were known before 1948. Because of the remoteness of the area
and the difficulty of mining in that barren part of Arizona and Utah,
extensive prospecting did not begin until 1952. In the period 1952-55,
however, roads were constructed into once inaccessible localities, and
most of the region was examined. Mineralized prospects have been
developed into established mines, and, as of 1956, intensive drilling by
private agencies had revealed new large uranium-vanadium ore de-
posits.

The Monument Valley area ranges in altitude from about 4,800 feet
along the east edge to about 7,800 feet at the west edge where it joins
the Segi Mesas. The Monument No. 1-Mitten No. 2 mine is near the
middle of the area and is at an altitude of about 5,600 feet (fig.21).
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The area is a desert. Vegetation consists principally of sage brush,
juniper, and pifion pine. Dust storms are frequent in the spring,
and severe thunderstorms are common in the summer.,

An all-weather road extends from Mexican Hat, Utah, to Kayenta,
Ariz. All the other main roads are graded and, locally, graveled.
Vehicular travel on any of the roads is difficult during dust storms or
following torrential rainstorms.

PURPOSE OF WORK

This paper has two objectives: to describe and explain the princi-
pal and distinctive features of the mine and to call attention to
another instance of the relation between carbonate-cemented sand-
stone and uraniferous deposits, first noted in the southern Black Hills
(Gott, 1956).

LOCATION OF THE MINE

The Monument No. 1-Mitten No. 2 mine owned in 1959 by the
Copper Canyon Industries, Inc. (formerly the Foutz Mining Co.), of
Farmington, N. Mex., is in the northeast corner of Navajo County,
Ariz. (fig. 21), near the north end of the Navajo Indian Reservation.
The mine is about 15 miles north of Kayenta, Ariz., and about 8 miles
southeast of Oljeto, Utah. It isin an erosional remnant of the Shina-
rump member of the Chinle formation (Upper Triassic) that forms a
ridge about 1 mile west of the main route northward from Kayenta
to Mexican Hat. This ridge is known locally as the Monument No.
1-Mitten No. 2 Mesa.

Three mines are in this area (fig. 22). The southernmost one is
known as the Monument No. 1 mine of the Vanadium Corp. of Amer-
ica. Its workings were abandoned in 1950 and its portals closed at
that time. The remaining two mines are known as the Monument
No. 1 and Mitten No. 2. Of these, the southern one is known as the
Monument No. 1 mine, deriving its name from the abandoned mine
of the Vanadium Corp. of America. The northern mine is known as
the Mitten No. 2. As the workings of both mines were continuous
and were separated only by an arbitrary line, they are considered
here as a geologic entity.

HISTORY OF MINING

The complete history of the development of the Monument No. 1
area is not known. Apparently the property was claimed about 1942
by the Vanadium Corp. of America, and a uranium-vanadium ore
body at the very southern tip of a remnant of the Shinarump was
mined for vanadium. This mine was named the Vanadium Corp. of
America Monument No. 1 (fig. 22). In 1950 the Vanadium Corp.
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of America discontinued and abandoned its mining operations. Some
slight prospecting was done in 1952, principally by Navajo Indians.

During the late summer of 1952, the Foutz Mining Co. became in-
terested in the property and began an exploratory drift into the west
flank near the north end of the Shinarump remnant. Weakly mineral-
ized ground was found, and a small amount of uranium-vanadium
ore was shipped. This mine was named the Mitten No. 2 (fig. 22).
Early in 1954, the U.S. Atomic Energy Commission began a program
of wagon drilling on the Momument No. 1-Mitten No. 2 Mesa under
the direction of C. G. Evenson and M. V. Anthony. Mineralized
ground was found near the former Monument No. 1 workings of the
Vanadium Corp. of America, and the Foutz Mining Co. began a drift
toward the mineralized ground. Upon completion of the Commis-
sion’s drilling program, the Foutz Mining Co., spurred by the original
find, engaged the Texas Mining Co. to continue the test of the north
end of the Shinarump remnant. During the course of this second
drilling program, the major part of a new ore body was found. This
ore body was mined out between 1954 and 1956, and at that time the
remaining ore pillars were removed and the mine was abandoned.
The present report deals chiefly with this ore body.

PREVIOUS WORK

The U.S. Geological Survey, on behalf of the Division of Raw
Materials of the U.S. Atomic Energy Commission, completed a study
of the Monument Valley area in 1952 before the Monument No.
1-Mitten No. 2 mine was opened (Witkind and Thaden, in press).
Bain (1952) studied the uranium deposits of the southwestern Colo-
rado Plateau and visited the Monument No. 1 area in 1952, also before
the mines were opened. The first detailed study of these mines was
undertaken in 1954 by C. G. Evensen, I. B. Gray, and several of
their associates in the U.S. Atomic Energy Commission. The mine
map shown in plate 1 was compiled by them, and was modified
slightly by the author in May 1955.
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GEOLOGY
GENERAL

Sedimentary rocks in the Monument Valley area range in age
from Permian (Cutler formation) to Jurassic (Morrison formation)
and have an aggregate thickness of about 5,000 feet. Near the mine,
the stratigraphic range is less and extends only from the De Chelly
sandstone member of the Cutler formation to the Shinarump member
of the Chinle formation of Late Triassic age (see following table).

Sedimentary rocks exposed in the Monument No. 1 area

Stratigraphic unit Thick-
Age (x;ests) Lithologic and topographic characteristics
e
Formation Member
Conglomeratic sandstone, light-gray to light-
8 _hrown, massive, crossbedded; much
3 Chinle forma- Shinarump 0-150 silicifled wood and clay fragments included
tion member with detrital quartz, chert, and quartzite;
erosion channels at base; uranium-bearing
© = in part. -
2‘ z Unconformity
k %’ Siltstone, reddish-brown, fissile, well-sorted,
EE = Upper part of ripple-marked, thin- and even-bedded;
E oenkopi 65-250 forms low-angle rubble-covered slopes;
Moenkopi formation in places intercalated massive sandstone
‘§ formation beds form benches.
i) Hoskinnini Siltstone with interbedded sandstone lenses,
5 member 16-50 reddish-brown, even-bedded; forms
2] benches.
Unconformity
Sandstone, light-gray to light-brown, mas-
K Cutler forma- | De Chelly sand- | 350-550 sive, crossbedded; forms cliffs where pro-
tion stone member tected; forms rounded slopes where unpro-
g tected.

In the Monument No. 1 area, the Shinarump consists of only a few
scattered remnants, all that remain of a sheet that once blanketed
the area. Dune sand mantles most of the bedrock, and exposures
near the mine are poor (fig. 22).

Igneous rocks, chiefly minettes and biotite vogesites, cut the sedi-
mentary strata of the Monument Valley area to form volcanic necks
and dikes. The nearest igneous intrusive mass is a minette dike along
the south edge of Oljeto Mesa, about 4 miles northwest of the mine.

The sedimentary rocks in the Monument Valley area have been de-
formed into asymmetrical anticlines and synclines whose axes trend
northward. The synclines are marked by short, steep west flanks
and long, gently dipping east flanks. The Monument No. 1-Mitten
No. 2 mine is on the east flank of the Oljeto syncline, and strata near
the mine strike about N. 20° W. and dip about 3° SW.

Two fracture sets cut the strata in and near the mine. The major
fracture set trends N, 40° to 50° W.; a second set trends about N. 20°
E. On the surface both sets can be traced for as much as a quarter of
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a mile. In the mine workings, the fractures are thin cracks that ex-
tend vertically for 2 to 3 feet (fig. 29) and can be traced laterally for
as much as 70 feet (pl. 1). The fractures, which cut all lithologic
units in the mine, probably were formed during the deformation of
the area in Late Cretaceous time.

MOENKOPI FORMATION

Near the mine, the Moenkopi formation of Early and Middle(?)
Triassic and Triassic(?) age consists of reddish-brown to dark-brown
shaly siltstone, shale, and platy thin-bedded fine-grained sandstone.
In sharp contrast, the Moenkopi throughout a thickness ranging from
2 to 7 feet directly below the remnants of the Shinarump member of
the Chinle formation is altered to a uniform light-grayish green that
locally becomes a light green. Below the altered rock is a transitional
zone about 6 inches thick, which consists of alternating light-grayish-
green and reddish-brown beds. Below the transitional zone are un-
altered reddish- to dark-brown shaly siltstone beds, characteristic of
the Moenkopi formation.

This zone of altered Moenkopi strata directly below the Shinarump
member is common in the Monument Valley area; generally it thick-
ens below channels. The geologic work in the Monument Valley area
suggests that such a thickened zone of altered Moenkopi strata di-
rectly below channels may be a favorable guide to uranium-vanadium
deposits. In fact, geologic prospecting for uraniferous deposits in
the Morrison formation of southwestern Colorado has been guided
by this thickening of altered mudstone beneath channel-fill sandstone
(McKay, 1955, p. 271). In that area, the normally red mudstone is
altered to gray, near and directly below ore-bearing sandstone (Weir,
1952, p. 20).

The mineralogic differences between the altered zone and unaltered
Moenkopi rocks in the Monument No. 1 area are small. Both the red
and gray clay contain chiefly quartz and hydromica with possibly a
little chlorite and kaolinite; but, in general, the red beds contain more
total iron and ferric iron than adjacent gray beds (A. D. Weeks, 1952,
written communication).

CHINLE FORMATION

In the Monument Valley area the Chinle formation of Late Trias-
sic age consists of five members. In ascending order these are the
Shinarump member, the Monitor Butte member, the Petrified Forest
member, the Owl Rock member, and the Church Rock member. Of
these, only the Shinarump member is preserved in the Monument No.
1 area, and the mine was in a remnant of that unit. Consequently,

593838 0—61——2
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only the overall characteristics of the Shinarump, as it is exposed in
the Monument No. 1 area, are discussed here. Detailed lithologic de-
scriptions of the unit are given under “Channel fill” (p. 227).

SHINARUMP MEMBER OF THE CHINLE FORMATION

The Shinarump member of the Chinle formation is the chief host
rock for the uranium-vanadium ore deposit in the Monument Valley
area. In general, it is a crossbedded fine- to coarse-grained conglom-
eratic sandstone that is light gray to light brown and massive, and that
ranges in thickness from 0 to as much as 875 feet. It rests unconform-
ably on the Moenkopi formation, and in the Monument No. 1 area the
contact is sharp and distinct.

The mine was in an erosional remnant of the Shinarump member
that caps a ridge trending about N. 45° W. The remnant is about
50 feet thick and consists chiefly of crossbedded poorly sorted fine- to
coarse-grained sandstone that is light brown and massive. The
sandstone consists of trough sets, 5 to 15 feet thick, composed of small-
to medium-scale crossbedded strata. Intraformational channels of
sandstone in sandstone are common and lateral variations in both
lithologic character and texture are extreme.

Conglomerate, near the base of the remnant, consists of well-rounded
varicolored pebbles of quartzite, chert, and quartz in a matrix of
coarse-grained sandstone. Most of the pebbles average 1 inch in
diameter, although some are as large as 2 inches. Locally, a bed of
conglomerate grades laterally into a conglomeratic sandstone, which
in turn becomes a fine- to coarse-grained sandstone, and this may
grade into claystone. Siltstone boulders, cobbles, and pebbles de-
rived mostly from the underlying Moenkopi formation are common in
the basal strata.

Fossil plant remains are plentiful and widely distributed through-
out the Shinarump remnant. Many of the logs and wood fragments
have been silicified, some have been coalified, and some have been
replaced by ore minerals (p. 230).

CHANNELS

In the Monument Valley area, the contact between the Shinarump
and the Moenkopi is marked locally by symmetrical and asymmetrical
depressions filled with Shinarump strata. These depressions, known
as channels, contain in their fill all the known uranium-vanadium ore
deposits (Witkind, 1956).

The Monument No. 1-Mitten No. 2 ore deposit was in the channel
fill of the Monument No. 1 channel.
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appears to be kaolinite, and it occurred chiefly as a decomposition
product along the fractures in the feldspar grains.

The ore minerals were concentrated in both the silica-cemented
sandstone and the trash-pocket conglomerate, and in these units they
filled voids, interstitial pore space, and embayed areas in the grains;
they also lined fractures and coated grains and pebbles.

In the calcite-cemented sandstone, the ore minerals were all second-
ary and found chiefly in the fractures. No ore minerals were found
in the body of that unit. “

Most of the following minerals have been identified by A. G. King,
U.S. Geological Survey. Subsequent work by T. G. Botinelly, also
with the U.S. Geological Survey, confirmed some of King’s original
determinations and resulted in the identification of other minerals
given. Many of the determinations were confirmed by X-ray powder
diffraction patterns.

Host rock minerals, mostly detrital

Apatite, Cas(POy)s(F,CLOH) __________ . Rare.

Caleite, CaCOs. - e Common.
Chaleedony, SiOs. .- e Locally common.
Chert, SiO2. Common.
Chlorite, Mg;(ALFe) (OH)s(ALS) 4010 e oo oo Rare.

Gypsum, CaS0+2H,0_ _ . .l Common.
“Hydromica,”(?) K.(Al,Fe,Mg)s—s (Si,A)4O10(0OH)s ______.___ Rare.
Mierocline, KA18i30s__ - _ e Rare

Quartz, SiOs e Common.
Zireon, ZrSiOy_ _ _ e Rare.

Ore minerals

Unoxidized uranium and vanadium minerals
Coffinite, U(Si04);-x(OH);;. TUraninite has been found Rare.
in an adjacent mine (I. B. Gray, 1956, written com-
munication), and montroseite was found in the Monu-
ment No. 2 mine in the Monument Valley area.

Doloresite, 3V,0,4H,0___ __ . Rare.
Roscoelite, K(ALV);(Al,S8i3)00(OH,F)p_ - _______ Rare.
Vanadium-bearing hydrous miea_________.______________ Common.
Oxidized uranium minerals
Autunite, Ca(UO;);(PO,4):-10-12H,0_ . __ . __________ Rare.
Carnotite, X;(U0;),V30s-1-8H,0_ _ _ = Rare.
Metatorbernite, Cu(UQOg)s(POs)o-8H0 . __._____ Rare.
Metatyuyamunite, Ca(UQO;)3V,0s3-5H,0.____ .. ____. Common.
Rauvite, Ca0.2UQ;.5V,05-16H,0_ _______ . _.___________ Common.
Torbernite, Cu(UQ,)(POs),-12H,0- . Rare.
Tyuyamunite, Ca(UQ;)V,0s-5-8%4H,0________ .. ______ Common.

Zippeite, Ki(U0,)6(S04)3(0OH) 10 H, O ___ Rare.
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Oxidized vanadium minerals

Corvusite, V40,6V,05nHO__________ . _. Common.
Hewettite, CaV4O:6-9H,0_ .. Locally common.
Volborthite, Cus(VO4)2-3H 0. ... Common.

Assoctated metallic minerals
Unoxidized minerals

Chaleocite, CusS. .- . Rare.

Galena, PbS_ _ . Rare.

Pyrite, FeSa e Locally common.

Oxidized minerals

Agurite, Cus(OH)3(COs)g- - oo Locally common.
Chalcanthite, CuSO+5H,0_ . . .. Rare.
Chrysocolla, CuSiO32H,0_ .. ___ Locally common.
Malachite, Cup(OH)(COs) oo oo oo .. Locally common.
Limonite, hydrous iron oxides_._.__ . ___________________ Common

DISTRIBUTION OF MINERALS

Overall the ore body appeared as incomplete concentric layers of
mineralized rock. Its core was elongate and contained low-valent,
relatively unoxidized minerals. This core was encircled on the sides
and top by two zones of oxidized minerals, the most intensely oxidized
minerals being farthest from the core.

Some of the richest uranium ore came from the core, which was a
deep blue black. The primary uranium mineral, coffinite, was found
in this part of the ore body. Vanadium minerals from this same
locality include doloresite (V**), corvusite (V*), and roscoelite
(V*2). The presence of the low-valent doloresite suggests that mon-
troseite may have been the primary vanadium mineral deposited.
Some of the roscoelite associated with fossil wood appeared as brown-
ish to brownish-orange fibers in woody texture and some as brownish-
black massive material surrounding the woody material (p. 231 and
fig. 25). Sulfides present were chalcocite (as small nodules and as
wood replacements), galena, and pyrite (filling interstices in the sand-
stone).

The core was sheathed by an inner zone of dark-gray to bluish-black
mineralized rock containing sporadically distributed patches of brown
limonite. In this zone, autunite (U*¢) and tyuyamunite (V**) were
the common uranium minerals, occurring as small widely disseminated
specks; corvusite (V**) was the dominant vanadium mineral. Rau-
vite (V**) and hewettite (V*5) were also in the inner zone of oxidized
minerals. Minute amounts of chalcanthite filled voids in the
sandstone.

The outermost zone of oxidized minerals was light brown to light
gray, chiefly the result of limonite stain. The mineral assemblage
included carnotite, hewettite, metatyuyamunite, rauvite, tyuyamunite,
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and volborthite—all high-valent minerals. These minerals filled
voids and commonly formed patinas on pebbles and grains. In many
places, the minerals lined cavities or filled fractures; and, in general,
they seemed to have moved from their original point of deposition.
Secondary copper minerals such as azurite, chalcanthite, chrysocolla,
and malachite filled interstices in the sandstone, coated pebbles, and
lined cavities and fractures.

These three mineral assemblages suggest that a continuous oxidiza-
tion sequence existed from low-valent weakly oxidized minerals in the
core of the ore body to high-valent oxidized minerals in the outer
sheath. Thus coffinite, doloresite, some corvusite, and roscoelite were
in the core of the ore body. These altered to form the inner zone of
oxidized minerals, marked by predominant corvusite, rauvite, hewet-
tite, autunite, and tyuyamunite. These minerals, in turn, were then
further modified to form the outer zone of oxidized minerals, an
assemblage of carnotite, hewettite, metatyuyamunite, rauvite, tyuya-
munite, and volborthite.

The pyrite, originally deposited, presumably had been oxidized to
limonite, and the copper minerals had been altered to azurite, mala-
chite, chalcanthite, and chrysocolla.

LOCALIZATION OF THE ORE

RELATION OF ORE TO HOST ROCKS

The mineral assemblage in both the silica-cemented sandstone and
the trash-pocket conglomerate differs from that in the calcite-ce-
mented sandstone. Thin sections of both the silica-cemented sand-
stone and the trash-pocket conglomerate indicate that most of the
grains have quartz overgrowths. FEtching has been extensive and
has formed embayments in both the quartz overgrowths and
the original grains. Ore minerals fill most of the voids, interstices,
and embayed areas (figs. 27 and 28). Those voids not filled by ore
minerals are filled by chalcedonic quartz. The suggested sequence
of formation is quartz overgrowths on the quartz grains, embayment
to form voids, deposition of ore minerals, and deposition of chalce-
donic cement in the voids not filled with ore minerals.

In the calcite-cemented sandstone, the quartz grains are free of
quartz overgrowths, and most are surrounded and separated from
one another by calcite (fig. 24). The quartz grains are etched; the
etching, however, has not progressed far enough on most grains to
destroy the original grain boundaries. Very small amounts of sec-
ondary uranium minerals fill fractures in the calcite and other small
voids. Although the suggested sequence of formation here is (a)
etching of the quartz grains, possibly by carbonate-bearing solutions,
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the ensuing oxidation has altered most of the original minerals. This
probably occurred in place with montroseite(?) (V*®) altering to
doloresite (V*), which in turn altered to corvusite (V*) and it, in
turn, altered to hewettite (V**). The primary uranium minerals,
coffinite and uraninite(?), also oxidized to a higher valent state, and
inevitably, as soon as the vanadium became available, both carnotite
(V**) and tyuyamunite (V**) were formed. Since then, ground water
has dissolved and reprecipitated some of the more soluble secondary
uranium-vanadium minerals, but this redistribution has been on a
relatively minor scale. Additional chalcedonic quartz and calcite
have been added.

GEOLOGIC HISTORY OF THE ORE DEPOSIT

The following geologic history is suggested for the Monument
No. 1-Mitten No. 2 ore deposit.

Shortly after the Moenkopi formation was exposed to subaerial
erosion, distinet channels were carved in its surface by the northward
flowing streams that deposited the Shinarump member of the Chinle
formation. These streams were lined with trees that sooner or later
toppled into the water and were rafted downstream to be buried in
the channel fill. Possibly concurrent with or shortly after these
sediments were deposited, quartz overgrowths formed on many of
the quartz grains. Subsequently, certain lenses in the channel fill
were cemented by carbonate to form the calcite-cemented sandstone.
During the progressive cementation of these lenses, the quartz over-
growths were selectively replaced by carbonate, and the excess silica
was moved both laterally and vertically to be redeposited in both the
silica-cemented sandstone and the trash-pocket conglomerate.

During Late Cretaceous time the region was deformed and the
strata were fractured.

Subsequently, and possibly not more than 80 million years ago,
ore-bearing solutions of unknown origin mingled with the ground
water and percolated through the Shinarump. These solutions were
probably alkaline and when they became entrapped in the Monument
No. 1 channel, they deposited primary uranium and vanadium
minerals wherever they found reducing conditions, principally in the
silica-cemented sandstone and the trash-pocket comglomerate. As
a result, the formerly alkaline solutions became less alkaline. Reac-
tion between these solutions and the carbonate of the calcite-cemented
sandstone permitted an adjustment of the pH of the solutions, and
additional uranium minerals were deposited. The uranium combined
with vanadium and phosphorus to form relatively stable insoluble
compounds.
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Erosion gradually stripped away much of the overlying sedimen-
tary cover, and as the water table dropped, air percolated down
through the channel fill and circulated about the moist ore body. The
ensuing oxidation has resulted in an ore body marked by a core of
low-valent minerals partly surrounded by two sheaths of oxidized
minerals.
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